The African catfish or sharp tooth catfish (Clarias gariepinus) is one of the important species (due to its high environmental tolerance and easily controllable breeding habits) that can significantly contribute to reducing hunger in many countries. It is farmed in numerous African, Asian, and European countries. Moreover, during the last decades its production has grown significantly worldwide. Currently, following the carp, this species is produced in the second largest volume in Hungary. Despite its economic importance, the stocks have been maintained without genetic control or guided breeding. Molecular genetic data on bred populations or strains are very limited. In order to investigate the genetic structure of the stocks, 49 new microsatellite markers were characterized and tested on 32 individuals from a Hungarian farmed stock. All these markers were polymorph. The number of alleles per locus ranged from 2 to 11. The observed and expected overall heterozygosities were between 0.519 and 0.544 respectively and the overall inbreeding coefficient (Fis: 0.063) does not reveal the presence of inbreeding. However, 63% of the markers showed significant deviations from HWE. The results suggest that the maintenance of genetic variation within the stock require high attention in closed bred populations. These new markers provide a useful tool for population and conservation genetics of natural and bred African catfish populations.
Introduction
The African catfish, Clarias gariepinus (Burchell, 1822), belongs to the Siluriformes order and the Clariidae family. It is native in Africa and the Middle East, but it was introduced to Europe, Asia, and South-America for aquaculture purposes [1] . This species represents an important resource in many developing countries with growing capture and aquaculture production. The latter increased tenfold, to over 200,000 metric tons in the last decade [1] . In the same time, the uncontrolled stocking and capture fishing have impacts on natural populations (e.g. fluctuating population size, decreasing genetic diversity, adaptability to changing environment and resistance to disease) [2, 3] .
For the analyses of these issues, species-specific molecular genetic markers were developed for many fish species, including microsatellites due to their efficiency in individual identification, parentage analyses and differentiation of populations, lines or stocks. These markers are also widely used to estimate the population genetic values (such as variability, heterozygosity, inbreeding or genetic structure) [3, 4] . Due to the economic importance of the African catfish, more and more genetic studies analyze the genetic variability, yield deterioration and the conservation genetic background of farmed [5, 19] and natural [2] productions. However, the availability of the species-specific microsatellite markers suitable for detailed analysis of genetic resources are limited in number. Until now, only seven microsatellites have been described from the African catfish genome [6] and 12 microsatellites from other Clariidae species were used to investigate C. gariepinus [7] . However, cross-amplifying loci can lead to obvious complications (i.e.: monomorphic or low allele number of the loci; non-orthologous loci; size homoplasy), in population genetics and evolutionary studies [8] . In this study, new microsatellite loci were characterized for C. gariepinus by using repeat-enriched genomic library sequencing approach. These new markers are characterized on a bred population to provide new useful tools for population, conservational, evolutionary, and structural genetic studies on this species.
Materials and methods
The sampled African catfish individuals were originated from the stock of NAIK-HAKI Szarvas, Hungary (GPS: 46°52′0.01″ N 20°33′0.00″ E). The stock was established in the mid-80 s and has been maintained in an intensive RAS system with closed breeding, however, some breeders were added to the broodstock unsystematically. For the genetic analyses and library preparation fin clips were collected from the tailfins (0.5 cm 2 tissue) of 32 individuals and the genomic DNA was isolated using E.Z.N.A. DNA Tissue Kit (Omega BioTek). DNAs were diluted to 50 ng/µl concentration for the microsatellite analyses and stored in Elution Buffer at − 20 °C. Repeat enriched genomic DNA libraries were produced from pooled samples of three male specimens following the protocol of Glenn and Schable [9] . Rsa I, Hae III, Alu I, (Fermentas) and HpyCH4 V, (New-England BioLabs) endonucleases were used for DNA fragmentations. The Box I linker (F: 5′-Phos-ATG TCT GAA GGT ACC ACT GCT GTC CGA AA-3′; R: 5′-CGG ACA GCA GTG GTA CCT TCA GAC AT-3′) was ligated to the ends of 300-1000 bp long isolated fragments. Biotinylated (CA) 10 probe, linker specific oligo, and pGEM-T Easy Vector System I (Promega) were used for library preparations. The sequences of the inserts were determined by BigDye terminator sequencing (3130 Genetic Analyser, Applied Biosystems). The sequences were deposited in the NCBI GeneBank (see Table 1 ). Primer3Plus [10] software was used for primer design on the flanking regions of repeats (Table 1 ). Tailed and tail specific fluorescent primers were used to reduce the costs of detection, as it was described by Shimizu et al. [11] . A 17 base pair long tail (5′ATT ACC GCG GCT GCTGG-microsatellite specific sequence-3′) were added to the forward primers' 5′ ends to provide an attachment site for fluorescent dye labelled (FAM or VIC or NED or PET) tail-specific oligos. An additional labelled oligo was added to the reaction mixtures for fluorescent labelling of amplicons. Based on practical experiences the concentration of the labelled oligo was lower than the forward and reverse primers' to avoid the amplification of non specific fragments. The microsatellite PCRs were performed in 25 µL volumes including 1× Taq DNA polymerase buffer containing (NH 4 ) 2 SO 4 or, buffer with KCl depending on which produced more abundant PCR products. The KCl containing buffer was used in case of the following markers Cg02, Cg03, Cg10, Cg40, Cg122 and Cg132 markers-Fermentas, 264 nM forward and reverse and 132 nM tail-specificlabelled primers, 1.5-3.0 mM MgCl 2 (Fermentas), 0.2 mM dNTP (Fermentas), 0.04 U/µL Taq DNA polymerase (Fermentas) and 150 ng template DNA. The thermocycling profile consisted of: preliminary denaturation at 95 °C for 2 min, followed by two cycles of pre-amplification (95 °C/15 s; ann.temp./1 min; 72 °C/2 min) and 35 (Cg002, Cg003, Cg010, Cg040, Cg122 and Cg132, Cg367, Cg652, Cg665) or 45 cycles of amplification (95 °C/15 s; ann. temp./20 s; 72 °C/40 s) in case of the remaining ones. The reactions were closed by a final extension (72 °C for 5 min). The genotypes were determined by 3130 Genetic Analyser (Applied Biosystems) using GeneScan LIZ 500 size standard (Applied Biosystems). The alleles were identified and scored using GeneMapper 4.0 software (Applied Biosystems). Microsatellite Toolkit ver. 3.1.1 [12] was used to estimate the number of alleles per loci, mean number of alleles, polymorphic information content (PIC). The expected and observed heterozygosities and significance of deviation from Hardy-Weinberg equilibrium (HWE) were estimated by GenAlEx ver. 6.5 [13] . The linkage disequilibrium was analyzed by Genetix 4.05 [14] . The minimum set of markers which provides a high resolution of parentage allocation and the probability of exclusion in paternity were tested by PARFEX v1.0 [15] . ML-Relate was used to maximum likelihood estimating of relatedness between individuals [16] . MICRO-CHECKER VER. 2.2.3 [17] was used to detect possible genotyping errors, allele dropout, and non-amplified alleles (null alleles), while the inbreeding coefficient (F is ) were calculated by FSTAT 2.9.3. [18] .
Results
In total, 127 selected clones were sequenced from four CArepeat enriched genomic libraries. One hundred and eighteen clones contained microsatellite motifs. Based on the length (the PCR product would be 100-500 bp) and nucleotide composition (the PCR product would be specific and unique) of the flanking sequences 55 microsatellite sequences were selected and primers were synthesized for later PCR analyses. Forty-nine out of 55 markers were used to genotype the 32 individuals and amplified polymorphic alleles successfully. None of the 49 markers was monomorphic. The number of alleles per locus ranged from 2 to 11, with a mean of 4.818 (SE: 1.973) alleles. The highest number (11) of amplified alleles was found in case of the Cg175 marker while Cg003 and Cg010 were also found to be highly polymorphic. The average polymorphic information content (PIC) value was 0.499 (from 0.142 to 0.763), 27 loci were highly polymorphic (PIC > 0.5), 18 were moderately polymorphic (0.2 < PIC < 0.5), and four showed low polymorphism (PIC < 0.2) in our bred population (Table 1) . The expected heterozygosity (H E ) among loci ranged from 0.147 (Cg346) to 0.793 (Cg175) with a mean of 0.544 (SE: 0.024), whereas the observed heterozygosity (H O ) ranged from 0.031 (Cg663) to 1.000 (Cg003) with a mean of 0.519 (SE: 0.037). Thirty-one loci showed significant deviation from HWE. The deviation is partly due to the heterozygous deficiency at 24 loci, on the other hand, is due to heterozygosity excess at seven loci. [2] , probably due to the interference of the different management practices adopted for the population studied. Selection, artificial mating system, fluctuations in population size or stocking may also explain deviations from HWE [19] [20] [21] . Probability of nullalleles was detected in the case of 12 markers (Table 1) .
No parental relationships were identified by the exclusion or the maximum likelihood methods. However, the maximum likelihood analyses of relatedness showed a high probability of full-sib or half-sib relationships between individuals. All the individuals showed relationships with at least two specimens, while three of them had ten probable relatives (data not shown). In addition, linkage disequilibrium was assumed in the case of 16 markers. Nevertheless, the high number of related individuals can lead to spurious associations in the estimation of random distribution. The overall F IS values were 0.063, while 29 markers had positive and 20 negative F IS values ( Table 1 ). The calculation of the minimum set of markers for parentage allocation or for identification over 99% probability resulted in a marker set containing 14 markers (Table 1) .
Discussion
In the present study, 49 new Clarias gariepinus microsatellites were characterized. The applied method for isolation of microsatellite repeat containing sequences was highly efficient (more than 90% of the sequences contained repeats). It is a cost-effective and time-saving method when we need efficient, highly polymorphic markers in enough number for population genetic analysis and not for genome-wide screening. The "universal", tailed primer based fluorescent labelling of amplicons [11] was also used successfully; therefore we could further reduce the cost of the analysis..
However the mean number of alleles was moderate (5.06 ± 1.9), compared to the average of freshwater fish (9.1 ± 6.1) and the bred and natural African catfish populations (ranging from 3.80 ± 0.84 to 10.83 ± 3.66) in Kenya [2, 22] , 28 of the isolated markers had moderately high or high PIC values (> 0.5). These markers are recommended for population genetic analyses [23] even in closely related species.
The genetic effects of long-term intensive breeding were also investigated on the examined Hungarian African catfish population. The result of "closed" breeding (without The bold markers are the members of the recommended minimum set of markers for parentage allocation or rare population refreshing) is frequently the degradation of genetic variability and inbreeding. These effects weer described in some Thai [5] and South Indian [24] populations of catfish. While the variability in "open" breeding system at African farms (they have collected males from wild habitats regularly to provide milt for egg fertilization) is higher than in the natural lakes [2] . Among the Hungarian population, the expected and observed heterozygosity differed significantly from each other in case of most markers. The heterozygote surplus and deficiency varied from marker to marker; the differences compensated each other in overall analyses. The inbreeding coefficient also showed the presence of heterozygote surplus and deficiency in a wide range (from − 0709 to 0899) at different markers. Similar effects were observed in the Indian bred populations of African catfish [24] All these can be the consequence of intra-population genetic structures (non random mating), or small founder group with rare and unsystematic crossbreeding with other strains. This phenomenon of structured populations was also observed in the bred populations of Thailand [5] . In addition, the high number of probable nullalleles and linkage disequilibrium ( Table 1) can also be the consequence of intra-population genetic structures or the small numbers of analysed individuals and not the real physical linkage on a chromosome. The presence of intra-population genetic structures was confirmed by the maximum likelihood estimation of relatedness and the parentage allocation. Although, none of these two methods identified parental relationships among the individuals. The maximum likelihood analyses highlighted the presence of a high number of half-sib and full-sib individuals in the analysed group. During the parentage analyses, the most efficient set of markers was also calculated. The marker set contains 14 markers (Table 1 ) and usable for parentage allocation or for identification of individuals over 99% probability in exclusion analyses.
In conclusion, 49 newly isolated C. gariepinus microsatellites were tested and characterised. Those can be an important genetic toolkit for the genetic diversity and population structure analysis of African catfish populations.
Based on a Hungarian population, an effective set of markers were identified for parentage analyses. In this population, the genetic variation is recommended to be increased and the relatedness should be decreased. The introduction of breeders from other "domesticated" and/or genetically improved populations are the most obvious solution. Furthermore, the breed stock size should be maximized and at least 50 breeding pairs are recommended to use from generation to generation in order to avoid inbreeding.
